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PROCESS FOR SYNTHESIZING TITANIUM
CARBIDE, TITANIUM NITRIDE AND TITANIUM
CARBONITRIDE

The United States Government has rights in this
invention under Contract No. DE ACO2-83CH10093
between the United States Department of Energy and
the National Renewable Energy Laboratory, a division
of the Midwest Research Institute.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a process for synthe-
sizing powders of titanium carbide, titanium nitride or
titanium carbonitride by coating precursor particles
thereof with carbon and heating the coated precursor
particles to a temperature sufficient to produce a sub-
stantially complete solid solution.

II. Description of the Prior Art

High temperature carbides, nitrides and carbonitrides
such as titanium carbide, titanium nitride and titanium
carbonitride possess valuable characteristics including
high strength, hardness, wear resistance, light weight,
high temperature capacity and other properties that
make them candidates for many applications. Some
examples of use include cutting tools, bullet-proof vests,
metal reinforcements, electronic resistors, and other
products that can benefit from such properties.

Three present methods are known for the production
of titanium carbide, titanium nitride and titanium car-
bonitride. The first method is a direct carbonization/nit-
ridation of titanium metal or titanium hydride. This
method requires five to 20 hours to complete, produces
strongly agglomerated powders that require extensive
milling to yield fine powders, and require a chemical
purification to remove impurities from mill wear.

The second method is a gaseous pyrolysis of a tita-
njum halide, such as TiCly, in a nitrogen- or carbon-con-
taining atmosphere. Generally poor yields are obtained,
even at temperatures exceeding 1,300° C., with reac-
tions conducted at lower temperatures resulting in the
formation of non-stoichiometric products. Because of
this poor performance, no commercial processes em-
ploy this approach.

The third presently-known method for synthesizing
titanium carbide, titanium nitride and titanium carboni-
tride is a ‘carbothermal reduction of titanium dioxide
with carbon in a controlled atmosphere (e.g. nitrogen or
argon gas) at high temperatures (e.g. 1,700°-2100° C.).
Reaction time is typically very long (10-20 hours), and
powders produced generally have non-uniform particle
sizes (therefore requiring subsequent milling) and unde-
sirable inhomogeneities.

It is therefore apparent that a need is present for a
process for producing carbides, nitrides and carboni-
trides with uniformity, speed and economy. In accord
therewith, a primary object of the present invention is
to provide a process for synthesizing titanium carbide,
nitride and carbonitride powders possessing high pu-
rity, narrow particle size distribution, and stoichiometry
for use in making components and composites for struc-
tural and electronic applications. This and other objects
of the present invention will become apparent through-
out the description of the invention which now follows.
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SUMMARY OF THE INVENTION

The present invention is a process for synthesizing
titanium carbide, titanium nitride or titanium carboni-
tride. The process comprises placing particles of tita-
nium, titanium salt or titanium oxide within a vessel and
providing a carbon-containing gaseous atmosphere
within the vessel. The vessel then is heated to a pyroly-
sis temperature sufficient to pyrolyze the carbon of the
carbon-containing atmosphere, thereby resulting in the
deposition of a carbon coating on the particles. Thereaf-
ter, the carbon-coated particles are heated in an inert
atmosphere to produce titanium carbide or in a nitrogen
atmosphere to produce titanium nitride or titanium
carbonitride, with such heating being of a temperature
and time sufficient to produce a substantially complete
solid solution.

In a preferred embodiment, the first step of the pro-
cess is accomplished by depositing carbon on titanium
and/or titanium-containing particles by decomposing a
hydrocarbon gas in the presence of the particles at a
temperature of between about 200° C. and about 1,000°
C. The process is completed through performance of
the second step wherein titanium carbide, titanium ni-
tride and/or titanium carbonitride synthesis occurs by
promoting a reaction within the carbon-coated titanium
and/or titanium-containing particles in a nitrogen or
argon atmosphere at temperatures of between about
1,200° C. and about 1,600° C. A nitrogen atmosphere
promotes formation of nitrides and carbonitrides, while
an argon atmosphere promotes formation of carbide
compounds. As titanium carbide and titanium nitride
make a substantially complete solid solution, TiCxN),
powders, wherein x+y=1, x20, y=1, can be expected
to form directly from the composite carbon-coated
particles. The composition of TiCxNjy is controlled by
the ratio of carbon to titanium in the starting materials
and the gas composition. The inventive process here
defined produces high purity, high surface area, narrow
particle size distribution and low cost titanium carbide,
titanium nitride and titanium carbonitride powders.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In the prior-art carbothermal reduction of titanium
dioxide with carbon, as earlier noted, mixing of titanium .
dioxide with carbon is performed by mechanical mix-
ing, resulting in separate carbon and titanium dioxide
particles. Because separate particles exist, reaction be-
tween substantially all of the carbon particles and tita-
nium dioxide particles does not go to completion, result-
ing in unacceptable quantities of unreacted reactants
despite extremely long reaction times. The process is
costly, time-consuming, and yields non-uniform pow-
ders.

The present invention is a process for the preparation
of high quality, low cost titanium carbide, titanium
nitride and titanium carbonitride ceramic powders. The
first step of this two-step process comprises the coating
of titanium and/or titanium dioxide particles with car-
bon by cracking a thermally decomposable a hydrocar-
bon gas at a temperature between about 200° C. and
about 1,000° C. in the presence of the particles. This
step provides intimate contact between the Ti/TiOzand
carbon, and produces a low density carbon coating.

The second step involves the formation of titanium
carbide, titanium nitride and/or titanium carbonitride
powders by promoting a reaction within the carbon
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coated particles defined above. This reaction is con-
ducted in a nitrogen-containing or inert gas-containing
atmosphere at a temperature between about 1,200° C.
and about 1,600° C. A nitrogen atmosphere is employed
when nitride-containing products are desired. An inert
gas (e.g. argon) atmosphere is employed when only
carbide products are desired. As titanjum carbide and
titanium nitride make a substantially complete solid
solution, TiCxN), powders (where x+y=1, x=0, y=1)
can be expected to form directly from the coated pow-
ders containing appropriate amounts of carbon.

There are at least three advantages in using carbon-
coated particles instead of a mixture of carbon particles
and titanium/titanium dioxide particles of the prior art.
First, the coating method forms an intimate mix of the
reactants, resulting in a continuous supply of carbon
monoxide during the reaction and a gas-solid reaction
instead of a solid-solid reaction. Second, this methodol-
ogy provides high surface contact between Ti/TiO2
particles and the carbon. Third, the process produces a
high purity powder at a comparatively low temperature
because the carbon source is a hydrocarbon. Therefore,
impurities such as iron and aluminum, typically found in
commercial carbon materials, are eliminated.

The following Examples illustrate the process de-
fined in the preferred embodiment.

Example I

Titanium carbide powders were synthesized by using
20 grams of titanium dioxide powder as a precursor.
The titanium dioxide powder had an average particle
size of about 0.03 um and a specific surface area of
about 50 m2/g. The titanium dioxide powder was sub-
jected in a reactor to the first step of the process in
which a controllable low density, highly porous carbon
coating was deposited on the titanium dioxide particles
by using propylene gas (C3Hg). Pyrolytic carbon was
deposited on the titanium dioxide particles at a tempera-
ture of about 420° C. The quality of the carbon coating
was investigated by using transmission electron micros-
copy (TEM) which showed uniform carbon deposition
on the titanium dioxide particles. Energy dispersive
spectroscopy (EDS) analysis of the particles showed
them to be a mixture of titanium dioxide and carbon.
The amount of carbon deposition in the coated titanium
dioxide particles was determined by using thermogravi-
metric analysis, which showed that the sample con-
tained about 34 wt. % of carbon. Variables considered
were reactor temperature and number of coating cycles.
For stoichiometric titanium carbide formation, the cal-
culated amount of carbon on titanium dioxide particles
was found to be at least 31.08 wt. %.

To accomplish the second step of the inventive pro-
cess and thereby form titanium carbide powder, the
carbon-coated titanium dioxide particles were heated in
the reactor to a temperature of about 1,450° C. for one
hour under argon gas flowing at a rate of about one liter
per minute. An x-ray diffraction pattern of the resuliing
sample showed that the particles of the powder formed
were cubic (Fm3m) single phase titanium carbide parti-
cles and had no second phase. Transmission electron
microscopy showed the average particle size in the
range of 0.05-0.2 um, while scanning transmission elec-
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4
tron microscopy (STEM) EDS verified that the tita-
nium carbide particles were of a very high purity.

Example II

Titanium nitride powders were synthesized by using
20 grams of titanium dioxide powder coated with car-
bon in the same manner as in Example I except that
about 23 wt. % of carbon was deposited on the titanium
dioxide particles. Thereafter, titanium nitride powder
was formed by heating the carbon-coated titanium diox-
ide particles in the reactor to a temperature of about
1,450° C. for two hours under nitrogen gas flowing at a
rate of about one liter per minute. An x-ray diffraction
pattern of the resulting sample showed that the particles
of the powder formed were cubic single phase titanium
nitride particles and had no second phase. TEM showed
the average particle size in the range of 0.05-0.2 pm,
while STEM EDS verified that the titanium nitride
particles were of a very high purity.

Through the above Examples it is evident that an
inventive process for synthesizing the subject powders
provides rapid product formation having high purity
and a functional uniformity through narrow particle
size distribution. Compounds so made therefore find
applicability in making components and composites for
structural and electronic applications.

While an illustrative and presently preferred embodi-
ment of the invention has been described in detail
herein, it is to be understood that the inventive concepts
may be otherwise variously embodied and employed
and that the appended claims are intended to be con-
strued to include such variations except insofar as lim-
ited by the prior art.

We claim:

1. A process for synthesizing titanium carbide, tita-
nium nitride or titanium carbonitride powder, the pro-
cess comprising:

a) placing particles of titanium, a titanium salt or
titanium dioxide within a vessel and providing a
carbon-containing gaseous atmosphere within the
vessel, said particles appropriately sized to yield a
powder having average particle sizes in the range
from 0.05 pm to 0.2 pum;

b) heating the vessel to a pyrolysis temperature suffi-
cient to pyrolyze the carbon to thereby coat the
particles with a carbon coating; and

c) thereafter heating the carbon-coated particles in an
inert atmosphere to produce titanjum carbide or in
a nitrogen atmosphere to produce titanium nitride
or titanium carbonitride, said heating being of a
temperature and time sufficient to produce a sub-
stantially complete solid solution.

2. A process as claimed in claim 1 wherein the car-
bon-containing gaseous atmosphere is a thermally de-
composable gas.

3. A process as claimed in claim 2 wherein the gas is
propylene.

4. A process as claimed in claim 2 wherein the pyrol-
ysis temperature is between about 200° C. and about
1,000° C.

5. A proces$ as claimed in claim 2 wherein the tem-
perature sufficient to produce a substantially complete
solid solution is between about 1,200° C. and about
1,600° C.
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